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Comment on “First Observation of Ion Acoustic
Waves Produced by the Langmuir Decay Instability”

In a recent Letter by Depierreux et al. [1], it was clearly
shown that driven levels of ion acoustic waves (IAW) are
observed which correlate with stimulated Raman scatter-
ing (SRS), and the driven IAW are by-products of the
Langmuir decay instability (LDI). However, the authors
incorrectly conclude evidence for LDI cascade based on
the Thomson scattered spectra of forward propagating and
backward propagating IAW. The point of this Comment
is to show that the IAW spectra shown in Ref. [1] could
be the result of either strong turbulence due to Langmuir
collapse or multiple LDI cascades in an inhomogeneous
plasma. The IAW spectra in Ref. [1] do not definitively
demonstrate LDI cascade.

It is important to understand whether LDI is in a
weakly turbulent regime (cascade), or in a strongly turbu-
lent regime due to Langmuir collapse since the saturation
behavior of SRS will scale differently with local laser and
plasma conditions for these regimes [2]. Indeed, resolving
the k-spectrum structure would uniquely determine the
turbulence regime, but is an experimental challenge as
shown below.

From LDI kinematics using fluid dispersion relations
for the electron plasma waves (EPW) and IAW, the wave-
number difference between the SRS daughter wave kgpwi
and the LDI wave kgpw> is AkgpwAp = (2/3) (cs/ve),
where Ap is the electron Debye length, ¢, is the AW
sound speed, and v, is the electron thermal speed.
Each additional step in the LDI cascade also produces a
wave-number shift of AkgpwAp. As an example, consider
the AW wave numbers from the first four steps of the LDI
cascade process, kjawz, kiaws, kiaws, and kyaws, where
kixw = 2kftpw — Akgpw for the nth cascade step. The
two forward propagating waves, kraw> and kjawas, have
a wave-number difference AkiawAp = (8/3) (¢s/ve),
which is the same for the two backward propagating IAW,
kiaws and kpaws. Using typical values obtained from
Ref. [1] for ¢, = 1.8 X 10" cm/s (Ag = 4.1 A sepa-
ration between IAW peaks) and v, = 1.1 X 10° cm/s
(700 eV), then AkjawAp = 0.044. For the conditions
given in Ref. [1], we estimate Akjaw = 2.1 X 10* em™ !,
and Awiaw = Akjawes = 3.8 X 10'! rad/s. The wave-
length separation of the Thomson scattered light between
kiawz and kypaws (forward propagating IAW) would be
AA/(Ag/2) = Awiaw/wiaw, or AA = 0.25 A. This is
also the wavelength separation between two backward
propagating IAW, kjaws and kyaws.

The spectral resolution of the scattered light from IAW
[1] is ~0.2 A, which would marginally resolve two or
more forward or backward propagating IAW cascade
peaks. However, the spectral width of each IAW peak is
quite broad (~1 A), as seen in Fig. 2a of Ref. [1], and
could contain multiple cascade peaks, since they would
each be separated by only ~0.25 A. No distinguishable
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fine spectral structure is observed on this scale. As noted
in Ref. [2], strong turbulence arising from Langmuir col-
lapse produces a broad k spectrum in both the forward and
backward propagating directions with respect to kgpwi.
This would give rise to broad upshifted and downshifted
IAW peaks, as observed in Ref. [1], and the spectral width
of each peak would be determined by the angular range
of the Thomson probe and collection optics. The angular
range discussed in Ref. [1] is sufficient to observe at least
the first four IAW from LDI cascade.

Another possible explanation for the IAW spectra in
Ref. [1] is that, if LDI were indeed in a cascade regime,
then plasma inhomogeneity could blur any fine structure
in the IAW spectra. Using the IAW dispersion relation
wiaw = kiawcs + kiaw - i, where u is the flow velocity,
and the separation between IAW LDI cascades AkjawAp,
it can be easily shown that a plasma inhomogeneity of
Au/cs = (1/2)Awiaw/w1aw = 0.05 over the probe vol-
ume is sufficient to blur the fine spectral structure from the
LDI cascade in the IAW spectrum. Figure 2a of Ref. [1]
shows a Doppler shift between the IAW spectra at the two
different locations, from which an estimate for the flow
gradient of Au ~ (1/2)cy in 160 wm is obtained. The ex-
tent of the collection volume in the flow direction would
therefore need to be <16 um so that the LDI cascade
structure could be resolved at that location. Additionally,
the SRS process itself is believed to create flow inhomo-
geneity due to momentum deposition of the EPW in indi-
vidual laser hot spots [3], and can lead to large Au/c for
moderate SRS reflectivity levels.

In summary, the impressive experimental results ob-
tained in Ref. [1] clearly demonstrate LDI-driven IAW as-
sociated with SRS. The IAW spectra, however, do not
conclusively support the case for LDI cascade. The AW
spectra are consistent either with strong turbulence due to
Langmuir collapse or with multiple LDI cascades in an in-
homogeneous plasma, either of which would produce the
broad IAW peaks observed in Ref. [1].

Useful discussions with J. C. Fernandez and H. A. Rose
are gratefully acknowledged. This work was performed
under U.S. D.O.E. Contract No. W-7405-ENG-36.

D.S. Montgomery
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

Received 1 May 2000
DOI: 10.1103/PhysRevLett.86.3686
PACS numbers: 52.35.Fp, 52.35.Mw, 52.35.Ra, 52.38.—r

[1] S. Depierreux et al., Phys. Rev. Lett. 84, 2869 (2000).

[2] D.A. Russell, D.F. Dubois, and H. A. Rose, Phys. Plasmas
6, 1294 (1999).

[3] H. A. Rose, Phys. Plasmas 4, 437 (1997).

© 2001 The American Physical Society



